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ABSTRACT

COATING OF ACETYLSALICYLIC ACID USING ORGANIC BINDERS
ON Ti-6Al-4V AND CoCrMo MEDICAL IMPLANT MATERIALS
MSC THESIS
EMINE DEMIRTURK
ABANT IZZET BAYSAL UNIVERSITY GRADUATE SCHOOL OF
NATURAL AND APPLIED SCIENCES
DEPARTMENT OF CHEMISTRY
(SUPERVISOR: ASSIST. PROF. DR. ERHAN BUDAK)
(CO-SUPERVISOR: PROF. DR. iIBRAHIM BELENLI)

BOLU, NOVEMBER 2016

Acetylsalicylic acid is used as analgesic. Besides, it has anti-bacterial activity. The
aim of this work is to coat medical implants with acetylsalicylic acid to make use
of these properties. These coatings were applied by obtaining adherence of the
coating to the substrate via chemical and physical bonding. In the first part of the
study, medical implant materials were coated physically by using dip coating
method. In the second part of the study, coatings were made chemically by using
organic binders. Ethyl-2-cyanoacrylate was used as a binder because it has
bacteriostatic property. In this study, the surfaces of applied coatings were
investigated by powder X-ray Diffraction (XRD), Fourier Transform Infrared
Spectroscopy (FTIR), Scanning Electron Microscopy (SEM) and visual
inspection.

KEYWORDS:
Acetylsalicylic Acid, Implant, Coating, Ethyl-2-cyanoacrylate



OZET

ORGANIK BAGLAYICI KULLANILARAK Ti-6Al-4V VE CoCrMo
MEDIKAL IMPLANT MATERYALLERIN ASETILSALISILIK ASIT iLE
KAPLANMASI
YUKSEK LiSANS TEZI
EMINE DEMIRTURK
ABANT iZZET BAYSAL UNIVERSITESI FEN BILIMLERI ENSTITUSU
KiMYA ANABILIM DALI
(TEZ DANISMANI: YRD.DOC. DR ERHAN BUDAK)

(IKINCI DANISMAN: PROF. DR iBRAHIM BELENLI)

BOLU, KASIM - 2016

Asetilsalisilik asit agr1 kesici olarak kullanilmasinin yani1 sira anti bakteriyel
Ozellik gosteren bir ilagtir. Bu calismanin amaci, medikal implantlart bu
ozelliklerinden dolay1 aspirinle kaplamaktir. Boylece implant yiizeyinde
bakterilerin biyofilm olusturmasinin oniine gegmek amaglanmistir. Kaplamalar
fiziksel ve kimyasal olarak uygulandi. Bu c¢aligmanin ilk kisminda, medikal
implant malzemeleri daldirarak kaplama yontemi kullanilarak fiziksel olarak
kapland1. ikinci kisimda ise kaplamalar organik baglayici kullanilarak kimyasal
olarak yapildi. Bakteriyostatik ozellik gosterdigi ig¢in baglayic1 olarak etil 2-
siyanoakrilat kullanildi. Bu g¢alismada uygulanan kaplamalar X-isin1 kirinimi
(XRD), Fourier Dontisimlii Kizilotesi Spektroskopisi (FTIR) ve Taramali
Elektron Mikroskopu kullanilarak incelendi.

ANAHTAR KELIMELER:
Asetilsalisilik Asit, Implant, Kaplama, Etil-2-siyanoakrilat
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1. INTRODUCTION

1.1  Coating

A coating is a layer of certain thickness that is applied in order to cover the surface of
a material. The aim of coating applications may be decorative, functional, or both.
The coating may cover the substrate partly or completely depending on the

requirement of the process.

Functional coatings may be applied for modification the surface properties of

the substrate, such as adhesion, wettability, corrosion resistance, or wear resistance.
Major types of surface coating are;

e Conversion Coatings (oxidation, anodizing)

e Metal Coatings (electrochemical, electroless)

e Thermal Coatings (carburizing, flame spraying)

e Deposition (Physical Vapor Deposition, Chemical Vapor Deposition)

e Organic Coatings

1.2  Implant Coating

Orthopaedic implants and prostheses are highly favorable to infection (Matl
et al., 2008). Infection of orthopaedic implants and prostheses is a medical problem
that has concerned people since their first use over two-and-a-half millennia ago.
Fixation and infection have been major problems with such medical implants right
from the beginning of implant practices (Odekerken et al., 2013). Infection means
that microorganisms have entered a wound and caused damage by destruction of
healthy cells in the surrounding tissue (Gooch, 2010). In many cases, it may result in
serious discomfort, limb amputation, illness and it may even result in death of patient

in many cases (Odekerken et al., 2013).


https://en.wikipedia.org/wiki/Corrosion_resistance

Bacterial biofilms are complex microbial communities and they require a
challenge for treatment (Bakri et al., 2008). The primary stage of bacterial biofilm
generation is the housing of a planktonic bacterium on the surface of the implantable
device. After adhering, the bacterium begins to divide and encapsulate itself for
defense against the host organism’s immune response. In the second stage, the
present bacterium starts to form colonies increasing the internal pressure in the
biofilm and starts to expand. Planktonic bacteria are released from the biofilm. The
bacteria released from biofilm can cause further infection in the surrounding tissues
(Odekerken et al., 2013).

Attachment Growth Detachment |

Figure 1.1. Schematic diagram of biofilm development (Stoodley and Dirckx, 2003)

Implants are coated to prevent the formation of a biofilm on implants’
surface. Formation of biofilms on biomaterials offerings challenging complications
in the field of medical implants (Matl, 2008). Biofilm formation can lead to delayed
bone healing or ingrowth, nonunion of fractures, and implant loosening (Goodman et
al., 2013). This can be prevented by antibiotics or antibacterial surface coatings.



1.3 The Types of Implants

In modern history, metals have been used as implants for more than 100
years. The use of metal plate for bone fracture fixation was first introduced by Lane
in 1895 (Hermawan, 2011). In the field of orthopedics, the use of metal implants has
significantly improved the quality of life for countless individuals. Critical factors for
a successful implant application contain proper design, material selection, and
biocompatibility (Campbell, 2003). Metallic biomaterials are exploited due to their
inertness and structural functions; they do not possess bio-functionalities like blood
compatibility and bioactivity. The orthopaedic implant metals are required to have
excellent toughness, elasticity, rigidity, strength and resistance to fracture
(Hermawan, 2011).

In the field of orthopaedic surgery, for restoring joint function, decreasing
pain or stabilizing fractures metal implants are used. The most regularly used
implants for these purposes are made of metallic alloys (Odekerken et al., 2013). The
metallic materials such as stainless steels, Co—Cr alloys and titanium alloys are used
as biomaterials in medicine (Akahori, 1998). Cobalt-chrome and titanium alloys are
the most commonly used materials in total joint arthroplasty implants (Gallo et al.,
2014). The stainless steel materials used for implants contain ~18wt% Cr and ~8wt%
Ni making them stronger than the steel and more resistant to corrosion. Addition of
molybdenum (Mo) has further improved its corrosion resistance. Titanium is featured
by its light weight. Ti and its alloys, i.e. Ti-6Al-4V are known for their excellent
tensile strength and surface corrosion resistance. Titanium alloyed with Ni, i.e.
Nitinol, forms alloys having shape memory effect which makes them suitable in
various applications such as dental restoration wiring (Hermawan, 2011). Metallic
biomaterials have fundamentally three main employments. First one is artificial hip
joints, screws, plates, second one is nails for internal fixation of bone fractures, and

another one is dental implants (Akahori, 1998).

1.3.1 Ti-6Al-4V

Titanium (Ti) is presently employed in many implant parts in either pure or
alloy form due to its strength, comparatively low stiffness, light weight, and relative
3



inertness  (Campbell, 2003). Titanium has perfect mechanical properties,
osteoconductivity, and biocompatibility (Park et al., 2014) (Katti, 2004). Titanium is
a well-tolerated material compared to stainless steel and Co—Cr based alloys under in
vivo conditions (Paital and Dahotre, 2009). Titanium dioxide (Ti,O) phase which is
extremely chemically stable forms on the surface of titanium and titanium alloys and
due to this phenomenon, titanium and titanium alloys have the best biocompatibility

among metallic biomaterials (Akahori, 1998).

1.3.2 CoCrMo

CoCrMo alloys are biocompatible materials. They are widely used as
orthopedic implant materials in medicine such as hip joint and knee replacement by
the reason of its superior mechanical properties, good wear and corrosion resistances.
CoCrMo alloy has thin passive oxide film that spontaneously forms on the alloy
surface and this situation is closely related to its excellent corrosion resistance
(Tirkan et al., 2006).

1.4 Adhesion

Adhesion is the attraction between two substances resulting from
intermolecular forces that establish between them (Silva et al., 2011). The
intermolecular forces that exist in adhesion is mainly van der Waals type forces.
Mechanical, electrical, and diffusion phenomena may also occur at the adhesion level
(Possart, 2005). The region between the adhesive and the adherend is referred as the
interphase. The interphase has chemical and physical characteristics different from
those of the bulk adhesive or adherend (Silva et al., 2011).

The adhesion of biological tissues is challenging in that the adhesive
materials must satisfy several conditions. Adhesive materials must have minimal
tissue toxicity, rapid adhesion property and must be biodegradable (Lim and Kim,
2015).



1.4.1 Cyanoacrylates

First cyanoacrylate was synthesized by German chemist Ardis in 1949. But it
was used as tissue adhesive in 1959. Other forms (methyl-, ethyl-, isobutyl-, octyl-)

were developed in the later years.

(@) (@)
AN AN
\\H)ko/ \\’Hko/\

Methyl 2-cyanoacrylate ethyl 2-cyanoacrylate

0 7

} O
sec-butyl 2-cyanoacrylate

Figure 1.2. The structure of the cyanoacrylate tissue adhesives (Singer et al., 2008)

Cyanoacrylates are synthesized by condensation of cyano-acetate with
formaldehyde in the presence of a catalyst, heat and vacuum (Davis et al., 2013)
(Singer et al., 2008).

Cyanoacrylates are used as structural adhesives for metals, plastics, rubbers,
and ceramics and they are also used as surgical adhesives and coatings in medicine
due to their bacteriostatic and hemostatic properties and their high reactivity in moist
conditions (Lim and Lee, 2014). The cyanoacrylates have also been shown to have
antimicrobial properties (especially against Gram-positive organisms that are
responsible for most wound infection) both in vitro and in animal models (Singer et
al., 2008). Cyanoacrylate based adhesives have been used for the fixation of bone
grafts for recent several years. Octyl-cyanoacrylate adhesives are not bioabsorbable.

Butyl and octyl-cyanoacrylate have less adhesive strength than ethyl-cyanoacrylate.



Ethyl-cyanoacrylate has a smaller lateral chain than the other surgical adhesives;
therefore it has great adhesive strength and a short healing time (Saska et al., 2008).

15  Acetylsalicylic Acid

Aspirin is the most widely used drug in the world (Vane and Botting, 2003).

)

Al

Figure 1.3. The skeletal representation of acetylsalicylic acid

Aspirin (acetylsalicylic acid), is as salicylate drug often used as analgesic to
ease minor aches and pains, as an antipyretic to decrease fever, and as an anti-
inflammatory medication (Rao et al., 2016). It has also hinders prostaglandrin
synthetase (Lawal and Obaleye, 2007), (Mahdi et al., 2005). Paracetamol has
analgesic and antipyretic action which is useful in the treatment of pain such as

headache, toothache, rheumatism and neuralgia (Mahdi, 2010).

Table 1.1. Essential chemical properties of acetylsalicylic acid

Molecular Formula CoHgO4
Systematic IUPAC
name 2-(acetyloxy) benzoic acid
Molar Mass 180.157 g/mol
Density 1,40 g/cm3
Melting point 135 °C (275 °F)
140 °C (284 °F)
Boiling point (decomposes)
Solubility in water 3 mg/mL (20 °C)

The historical account of willow tree (Salix sp.) goes back to early
civilizations, particularly in Mesopotamia around 6000 years ago when plants were
exploited for food and as a source of drugs (Mahdi et al., 2005). In the 18th century,

6



the modern era of aspirin discovery began. In 1828 at the University of Munich,
Buchner obtained a yellowish substance, which he called salicin, the Latin name for
the willow. Also, French pharmacist Henri Leroux obtained the pure crystalline form
of salicin in 1829 (Mahdi, 2010).

Figure 1.4. 100-year-old pollarded willow trees (Jack, 1997)

Raffaele Piria resolved the chemical structure of salicin as a glucosidic salicyl
alcohol. Then he oxidized salicyl alcohol into salicylic acid. Felix Hoffman, working
at the Bayer company in Germany, made the acetylated form of salicylic acid in1897
(Szczeklik, 2006). This drug was named “Aspirin and became the most widely used
medicine of all times. (Mahdi, 2010)
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Figure 1.6. Acetylation of salicylic acid

The Bayer Company registered the product of Aspirin on 6 March 1899 and
then in 1915 this product was available to the public without prescription (Mahdi et
al., 2005).



2. AIM AND SCOPE OF THE STUDY

There are many ways to coat medical implants for different areas of usage. In
this study we have proposed coating of implant materials with acetylsalicylic acid to
prevent or decrease biofilm formation on medical implant surface. Surface of
coatings were not smooth but durable. Bacterial growth was investigated with and
without acetylsalicylic acid coating process. Finally, it was observed that coating

with acetylsalicylic acid has a reducing effect on the biofilm formation.



3. EXPERIMENTAL

3.1 Chemicals

Acetylsalicylic acid (Bayer), Xanthan Gum (Sigma Aldrich), Ethyl-2-
cyanoacrylate (Pattex), Ethanol (Merck), Boric acid (Sigma Aldrich), Acetic acid
100% (Sigma Aldrich), Nitric acid 65% (Merck), Phosphoric acid (Merck),
Hydrogen peroxide 35% (Merck), Sulphuric acid 95-97% (Merck), Hydrochloric
acid 36,5-38% (Sigma Aldrich).

3.2  Physical Coatings

3.2.1 Ethanol-water solution

10mL ethanol-water solution was prepared (9mL ethanol and 1mL pure
water) and was added and dissolved in this solution. Ti-6Al-4V and CoCrMo metal
alloy substrates in the form of disc were dipped into this solution then dried in open

air.

3.2.2 Xanthan Gum

XG1- 5 mg ASA was ground and mixed with 5 mg XG. 2-3 mL water was
added to this powder mixture. After mixing process, a gel-like solution was obtained.

This solution was applied to on the implant surface as a thin film layer.

As a second way of coating with XG2- 5 mg XG and water were mixed and a
gel-like solution was obtained. This solution was applied to on the implant surfaces
for surface wetting. 3 mg ASA was ground and distributed uniformly on wetted

surface and dried.

10



In other experimental work, XG3- 5 mg XG and 3 mg ground ASA were
dissolved in water. This solution was dropped onto the implant surface and this plate
was heated to 80°C by hot plate until dried

XG4- 5 mg ASA was ground and 5 mg XG was mixed in a mortar. This
powder mixture was dusted onto the surface of implant and this implant was placed

in ultrasonic water vapor bath.

XG5- 3mg ASA was grinded and 5 mg XG was mixed in a mortar. This
powder mixture was dusted on the surface of implant and this implant was placed in

ultrasonic water vapor bath.

3.3  Chemical Coating

E2CA was tested for adhesion. A couple of drops of cyanoacrylate was

dropped onto the surface of the implant disc and waited one hour in open air to dry.

Experiments from C1 to C5 were studied for determination of suitable ratio of
ASA and E2CA.

C1- 25 mg ASA and 8 drops of E2CA were mixed. After that this sticky

solution was spread on to the etched surface of implant material.

C2- 10 mg ASA and 10 drops of E2CA were mixed. After that this sticky

solution was spread on to the etched metal surface of implant material.

C3- 10 mg ASA and 15 drops of E2CA were mixed. After that this sticky

solution was spread on to the etched metal surface of implant material.

C5- 5 mg ASA and 12 drops of E2CA were mixed. One drop of mixture was
spread to the metal surface of implant material. Same procedure at the same amounts
was applied to C6 and C7 coatings to show repeatable accuracy. Three coated

materials’ weight and thickness values were measured and recorded.

11



C8- 5 mg ASA and 5 drops of E2CA were mixed. 3 drops of mixture were
dropped on to the metal surface of implant material and coated by spin coating at
4000 rpm spin speed.

C9 and C10- 1 mg ASA was dusted onto the metal surface of implant
material, 1 drop of E2CA was dropped on to ASA and coated by spin coating at 4000

rpm spin speed.

In this part C13, C13/2 and C13/3 coating studies were performed to see the

effect of multiple coating.

C13- 3 mg ASA and 5 drops of E2CA were mixed. 3 drops of mixture were
dropped on to the metal surface of implant material and coated by spin coating at
4000 rpm spin speed.

C13/2- The material which is called C13 was coated second time by the same
procedure.

C13/3- The material which is called C13/2 was coated third time by the same

procedure.
C13, C14 and C15 coatings were performed for choosing suitable spin speed.

C14- 3 mg ASA and 5 drops of E2CA were mixed. 3 drops of mixture were
dropped on to the metal surface of implant material and coated by spin coating at

2000 spin speed.

C15- 3 mg ASA and 5 drops of E2CA were mixed. 3 drops of mixture were
dropped on to the metal surface of implant material and coated by spin coating at

1000 spin speed.

C16- 3 mg ASA and 5 drops of E2CA were mixed. 3 drops of mixture were
dropped on to the surface of etched Ti-6Al-4V implant material and coated by spin
coating at 4000 rpm spin speed.

12



C17- 3 mg ASA and 5 drops of E2CA were mixed. 3 drops of mixture were
dropped on to the surface of etched CoCrMo implant material and coated by spin

coating at 4000 rpm spin speed.

C19- 3 mg ASA and 5 drops of E2CA were mixed. 3 drops of mixture were
dropped on to the surface of etched CoCrMo implant material and waited for drying.

C20- 3 mg ASA and 5 drops of E2CA were mixed. 3 drops of mixture were
dropped on to the surface of etched Ti-6Al-4V implant material and waited for

drying.

3.4  Examination of Drying Temperature

Different temperatures were tested to determine suitable drying temperature.
3 mg ASA and 5 drops of E2CA were used for each coating trial. 3 drops of mixture
which contains ASA and E2CA was dropped to the surface of polished and etched
discs with 2,15cm diameter. Drying processes were applied at 90°C, 60°Cand 40°C

temperatures in an oven for 20 minutes.

3.5  Bacteria Incubation Growth on the Coated Implant

Til — Ti-6Al-4V plate was polished and etched with acidic solution.
Col — CoCrMo plate was polished and etched with acidic solution.

Ti2 - Ti-6Al-4V plate was polished and etched with acidic solution. 3 drops
of E2CA were dropped onto coating surface. This plate was coated by spin coating

device at 4000 rpm spin speed.

Co2 - CoCrMo plate was polished and etched with piranha solution. 3 drops
of E2CA were dropped onto coating surface. This plate was coated by spin coating

device at 4000 rpm spin speed.

13



Ti3 - Ti-6Al-4V plate was polished and etched with aqua regia solution. 3
drops of E2CA were dropped onto coating surface.

Co3 - CoCrMo plate was polished and etched with acidic solution. 3 drops of

E2CA were dropped onto coating surface.

Ti4 - Ti-6Al-4V plate was polished and etched with acidic solution. 5 mg
ASA and 5 drops of E2CA were mixed. 3 drops of mixture were dropped onto
coating surface. This plate was coated by spin coating device at 4000 rpm spin speed.

Co4 - CoCrMo plate was polished and etched with acidic solution. 5 mg ASA
and 5 drops of E2CA were mixed. 3 drops of mixture were dropped onto coating
surface. This plate was coated by spin coating device at 4000 rpm spin speed.

Ti5 — Ti-6Al-4V plate was polished and etched with acidic solution. 5 mg
ASA and 5 drops of E2CA were mixed. 3 drops of mixture were dropped to coating
surface. This plate was coated in spin coating device at 4000 rpm spin speed. The
coated plate was dried in the drying oven at 90°C degree for 20 minutes. The coating

process including drying step was repeated 4 times on the same sample.

Co5 — CoCrMo plate was polished and etched with acidic solution. 5 mg
ASA and 5 drops of E2CA were mixed. 3 drops of mixture were dropped onto
coating surface. This plate was coated by spin coating device at 4000 rpm spin speed.
The coated plate was dried at the drying oven at 90°C degree for 20 minutes. The
coating process including drying step was repeated 4 times on the same surface.

Ti6 — Ti-6Al-4V plate was polished and etched with acidic solution. 5 mg
ASA and 5 drops of E2CA were mixed. 3 drops of mixture were dropped onto

coating surface.

Co6 — CoCrMo plate was polished and etched with acidic solution. 5 mg
ASA and 5 drops of E2CA were mixed. 3 drops of mixture were dropped onto

coating surface.
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Ti7 — Ti-6Al-4V plate was polished and etched with acidic solution. 5 mg
ASA and 5 drops of E2CA were mixed. 3 drops of mixture were dropped onto

coating surface. The coating process was repeated 4 times on the same surface.

Co7 — CoCrMo plate was polished and etched with acidic solution. 5 mg
ASA and 5 drops of E2CA were mixed. 3 drops of mixture were dropped onto

coating surface. The coating process was repeated 4 times on the same surface.

Also bacteria incubation was performed at Abant Izzet Baysal University
Faculty of Medicine. The bacteria (Staphylococcus epidermidis) were incubated on
each implant at 37°C for 24 h. disks were incubated with S. epidermidis then implant
materials were gently washed three times in PBS and then fixed in 2.5%
glutaraldehyde for 2 h at 48C. The surfaces were washed twice in PBS. The discs
were postfixed with 0.1% OsO4 for 1 h and then dehydrated with increasing

concentrations of ethanol.

3.6  Polishing

Ti-6Al-4V and CoCrMo plates of implant material were mounted with
phenolic resin bakelite powder by using mounting machine. These plates were
sequentially polished using SiC coated abrasive papers (grit sizes of 240-600-1200-
2400-4000) by polishing device.
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Figure 3.1. Mounting Device

Figure 3.2. Polishing Device
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3.7  Etching

0,001 M H3BO3 (boric acid) solution was prepared. 0,06183 g boric acid was
weighed, placed in a volumetric flask and added sufficient water to give a total

volume of 100 mL.

0,1 M CH3COOH (acetic acid) was prepared. 0, 57 mL concentrated acid (d: 1,05
g/mL) was transferred to a volumetric flask and water added to give a total volume of
100 mL.

0,01 M HNOg (nitric acid) solution was prepared. 0,07 mL concentrated acid (d: 1,39
g/mL and %65) was transferred to a volumetric flask and added water to give a total

volume of 100 mL.

0,01 M H3PO, (phosphoric acid) solution was prepared. 0,067 mL concentrated acid
(d: 1,71 g/mL and %85) was transferred to a volumetric flask and added water to

give a total volume of 100 mL.

boric

acid acetic

acid

nitric

; phosphoric
acid

acid

A plate was divided to 4 equal parts with sticky tapes and 4 different acids
were dropped onto each quarter of this plate. Acids did not etch surface of implant

disc due to low acidity.

0, 5 M of HNO; solution was prepared. 3,47 mL concentrated acid (d: 1,39 g/mL
and %65) was transferred to a volumetric flask and added water to give a total

volume of 100 mL. Two drops of this solution were dropped on implant surface.
The stock solution of HNO3 (14, 34 M) was dropped on the implant surface.

Piranha solution (3:1 H,0,- H,SO,) was used for Ti-6Al-4V plates. This
solution was prepared as follows: 15 mL H,0, (d: 1,13 g/mL %35) and 5 mL H,SO,4
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(d: 1,84 g/mL %97) were mixed and Ti-6Al-4V plates were put in this solution.

Plates were etched ultrasonically 5 minutes.

Aqua regia solution (3:2 HCI-HNO3) was used for CoCrMo plates. This solution was
prepared as follows: 15mL HCI (d: 1,2 g/mL %36.5-38) and 10 mL HNOg3 (d: 1,3
g/mL %65) were mixed and CoCrMo plates were put in this solution. Plates were

etched ultrasonically 5 minutes.

After etching process, plates were washed with distilled water, ultrasonically cleaned

using distilled water and dried to maintain a uniform surface finish.

3.8  FT-IR Analysis

FTIR analyses were applied with “Infrared Fourier Transform Spectrometer”

1720 (Perkin-Elmer), the spectrometer was managed with a program “Spectrum

v2.00” (Perkin-Elmer).

Figure 3.3. Perkin-Elmer Infrared Fourier Transform Spectrometer
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3.9  XRD Analysis

XRD measurements were employed for the phase composition and crystal
structure investigation. X-ray measurements were obtained by a Rigaku Multiflex +
XRD diffractometer with monochromatic beam (wavelength of 1.54 A) deriving a
Cu Ka target. The scanning angle changes from 3° to 50° It is speed and step
increment is at 5%min, at 0.02° in air atmosphere at the room temperature,
respectively.

Figure 3.4. Rigaku MultiFlex 2kW X-Ray-Diffractometer

3.10 Scanning Electron Microscopy (SEM) Analysis

The surface morphology of ASA powders, etched metal surfaces and ASA
coatings were studied by scanning electron microscope (SEM). SEM analyses were
performed by using Electron Microscope JEOL JSM-6390LV (SEM). SEM
operating voltage was 20 kV.
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Figure 3.5. JEOL JSM-6390 LV Scanning Electron Microscope

SEM in a combination with an energy dispersive X-ray spectrometer (EDS) analysis
was used for investigating the chemical composition of coatings and substrates.

3.11 Spin Coating

Some of the surface coatings were performed by spin coating device at
various spin speeds in order to obtain thin uniform coatings. Spin coating operations

were carried out by SCS Specialty Coating Systems Spincoat G3-8.

Figure 3.6. Spin coating device
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4. RESULT AND DISCUSSION

4.1  Physical Coating

The physical coating methods were applied on the implant materials. Aspirin
(ASA) was dissolved in ethanol-water solution and implant materials were dipped
into this ASA loaded solution. After drying process, the implant materials were
weight and amount of ASA determined (Table 4.1). It was observed that there was
no change in amount of ASA. Although the solubility of ASA in ethanol-water
solution is very high, this mixture is not suitable for coating of ASA because of lack
of binding ASA to metal surface.

Table 4.1. The amount of ASA on implant material

Mass of the Mass of the implant
Implant Type Solvent implant disc before | disc after coating and
coating (g) drying (Q)
Ti-6Al-4V Ethanol-water 1.0215 1.0221
CoCrMo Ethanol-water 1.9250 1.9253

Xanthan gum (XG) may be used as binder and carrier substance for dip
coating process. XG makes rapid gelation when it exposed to water. In the first stage,
interaction of XG/ASA and gelation were investigated. For achieving this aim,
different amounts of XG and ASA were mixed using different methods. Among the
XG coating techniques listed in the experimental chapter. Because of surface
homogeneity XG5 was chosen as the most suitable method and XRD patterns was

taken from XG5 coating.

Presence of ASA on the coated metal alloy implant disc was confirmed by
XRD analysis by comparing with original XRD peaks of ASA (ICDD 12-0850) (Fig.
4.1). The main peaks of ASA (002, 012, 211, 202, 302, 113, 022 and 312) were
observed in XRD pattern of coated XG/ASA (Fig. 4.2) similar to literature (Aubrey-
Medendorp et al., 2007). In addition, at 26= 46.540° XG peak was observed
(Siddiqui and Tarannum, 2013). Although the coating appeared reasonable, the
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binding between ASA/XG and implant disc is physically poor because of rough
surface which decreased the interaction between XG and implant.
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Figure 4.1. XRD pattern of ASA
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Figure 4.2. XRD patterns of CoCrMo and XG/ASA coated CoCrMo

Physical coating is not satisfactory, because the interaction between solvent
(carrier substance-XG) and implant disc substrate is insufficient and adherence of

coating onto the metal alloy substrate is poor.

4.2  Chemical Coating

Chemical methods were applied to increase interaction between implant
surface and carrier substance. Ethyl-2-cyanoacrylate (E2CA) was used as chemical
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binder. Cyanoacrylates yield better strengths when they bound to metals or other
rigid surfaces. In addition, impact resistance becomes slightly better. FTIR
spectroscopy was applied to characterize chemical interaction between implant and
E2CA. The FTIR spectra of implant/E2CA and E2CA were compared individually
(Fig 4.3 and Fig.4.4).

10515
1050

104 5

104 0

103,54

103 .0

102,54

wT

102 04

101 54

101.04

100 54

100.04

99.5 tr

4000 3800 3000 2500 1 2000 1500 1000 500 400
CIm-

Figure 4.3. FT-IR spectrum of CoCrMo (pink line), E2CA (green line) and E2CA
coated CoCrMo (orange line)
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Figure 4.4. FT-IR spectrum of Ti-6Al-4V (black line), E2CA (green line) and E2CA
coated Ti-6Al-4V (blue line)

As seen in these figures, the intensity of expected peaks is very low and
E2CA peaks mask the expected peaks (Ti-O, Ti-H, Cr-O vibration modes), so the
FTIR results were not distinctive. The used FTIR device is not enough to distinguish
the expected peaks. However, XRD analyses were done to specify chemical
interaction and crystallinity. The XRD diffractograms of implant/E2CA and implant
were compared individually. In Ti-6Al-4V diffractogram (Fig. 4.5), the peaks at 26=
35.520, 38.640, 40.500° were observed and they were assigned to Ti-6Al-4V (Prabnu
et al., 2014). Ti-6Al-4V/E2CA system was also examined by XRD and two different
peaks were detected. Results can show that the peak at 26= 39.500 belongs to Ti,O
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phase (11-0218 ICDD card) and the peak at 44.280° belongs to TiH phase (65-0139
ICDD card).

In addition, CoCrMo and CoCrMo/E2CA structure were studied by XRD (Fig 4.6),
too. Additional XRD peak at 26= 44.220° in XRD diffractogram can be labelled as
Cr;0 72-0528 ICDD card number. These results can show that there is a chemical
interaction between implant material and E2CA.
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Figure 4.5. XRD patterns of Ti-6Al-4V and E2CA coated Ti-6Al-4V
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Figure 4.6. XRD patterns of CoCrMo and E2CA coated CoCrMo

Coating processes with E2CA and E2CA+ASA was performed by drop and

spin coating methods.

4.2.1 Drop Coating

Different amounts of ASA and E2CA mixture were used for coating of
CoCrMo implant. In XRD investigation (Fig. 4.7), 100, 002, 211, 202, 312 were
assign to ASA and the peak at 20= 44.2° belonged to Cr3;O. With increasing E2CA
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amount the Cr30O peak intensity increased that this indicated that chemical interaction
between E2CA and implant depends on E2CA amount.
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Figure 4.7. XRD pattern of coated CoCrMo by using drop method

ASA/E2CA coated Ti-6Al-4V by dropping method was also analyzed by
XRD (Fig. 4.8). 002, 012, 211 and 202 peaks belonging to ASA could be indexed. In
addition, at 26=39.500 (Ti,0) and 44.280° (TiH) were also seen.
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Figure 4.8. XRD pattern of coated Ti-6Al-4V by using drop method

Morphological examinations were done with SEM (Fig.4.9 a and b) and
different ratio ASA/E2CA coatings images were compared. According to SEM
images, the implant surface was completely coated in the dropping method but
increasing amount of ASA caused to random crystal growth of ASA crystals (Fig.
4.9-b). For a thinner and more uniform coating, it may be necessary to modify ASA

with a suitable surfactant chemical in order to prohibit excessive crystal growth.
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Figure 4.9. SEM images of coated implant discs by drop method. a) After dropping,
excess of ASA/E2CA was discarded form surface by decantation and dried b) coated
by dropping ASA/E2CA and dried without discarding the excess of ASA/E2CA.

4.2.2 Spin Coater

Spin coating is a common method to produce thin, uniform films on planar
substrates (Hall et al., 1988). The ASA/E2CA films on implant discs were obtained
by spin coating at 4000 rpm and determined by XRD (Fig. 4.10 and Fig. 4.11). The
main peaks of ASA (100, 002, 211, 202,) and implants peaks were observed. In
addition, the peaks at 26=39.500 (Ti,O) and 44.280° (TiH) were seen in figure 4.10,
and in Figure 4.11 at  44.220° Cr3O peaks detected due chemical interaction
between E2CA and implant disc surface.
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Figure 4.10. XRD pattern of ASA/E2CA coated Ti-6Al-4V implant by spin coater
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Figure 4.11. XRD pattern of ASA/E2CA coated CoCrMo implant by spin coater

SEM image (Fig. 4.12) illustrated that smoother surfaces can be obtained by
using spin coater. In the spin coating process, the excess of coated material was
thrown away from surface. Therefore, the amount of coating material remain on the
coated surface is small, leading to thin coatings.

X9
Figure 4.12. SEM image of coated implant which was coated by spin coater

4.3  Effect of Drying Temperature

In this part, the thermal stability of coated surface was examined at different
temperature. Because main objective of this thesis is suitability of these implants to
be used in vivo application the coated implants should be durable at human body
temperature. The XRD analysis indicated that ASA coating was stable up to 60°C.
Higher temperatures destroy the structure of ASA and E2CA. Due to low
decomposition temperature of E2CA (54-56°C) (Silva et al., 2011) ASA was affected
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and decomposed, too. So that, the intensities of ASA peaks in XRD patterns were

decreased at high temperatures (Fig. 4.13).
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Figure 4.13. XRD pattern of ASA/E2CA coated metal which was applied different
temperatures

4.4  Bacteria Incubation Growth on the Coated Implant

The bacteria (Staphylococcus epidermidis) were incubated on implant at 37°C
for 24 h. The morphology of S. epidermidis on titanium alloy disks was examined
using SEM.

44.1 Ti-6Al-4V Implant

SEM was used to evaluate existence S. epidermidis on the surface of both the
bare (Fig 4.14) and the ASA/E2CA coated (Fig. 4.15) Ti-6Al-4V implant surfaces.
Under different magnification, S. epidermidis was detected on the both Ti-6Al-4V
and ASA/E2CA coated Ti-6Al-4V surface. The amounts of bacteria colony on the
ASA/E2CA coated implant were significantly lower and showed a major decrease in

the number of colonies.
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Figure 4.14. SEM image of Ti-6Al-4V which was incubated bacteria
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Figure 4.15. SEM image of ASA/E2CA coated Ti-6Al-4V which was
incubated bacteria
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4.4.2 CoCrMo Implant

S. epidermidis on CoCrMo alloy discs was examined using SEM and it was
detected on CoCrMo alloy implant using different magnification. The colony number
of S. epidermidis on the ASA/E2CA coated CoCrMo implant surface (Fig. 4.16) was
smaller than bare (uncoated) CoCrMo implant surface (Fig. 4.17). One of the
possible reasons for decreasing in colony could be the chemical interaction between
ASA/E2CA and bacteria.
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Figure 4.16. SEM image of ASA/E2CA coated CoCrMo which was bacteria
incubated
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Figure 4.17. SEM image of uncoated CoCrMo which was incubated bacteria
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5. CONCLUSION

In this study, two methods of coating (dip and spin coating) on Ti-6Al-4V
and CoCrMo implants were experimentally investigated. Coatings were applied by
using binder because ASA does not have binding property. XG and E2CA can be
used as binder for coating of implants with ASA. E2CA has an extra advantage since
it exhibits bacteriostatic property. E2CA give better results than XG because
bonding of E2CA and ASA is occur chemically and this is proved by XRD. Even
though the durability of coatings was good, the smoothness of surfaces was poor due
to uncontrolled crystal growth of ASA. After coating process bacterial growth was
investigated by using SEM. Examination of bacterial growth shows that coating with
ASA causes a decreased bacterial growth and may probably have suppressing effect

on biofilm formation on implant surfaces.
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7. APPENDICES

12-0850 Wavelength= 1.5405
COHBO4 diA) It h k 1 d(A) nt h k 1
Acetylsalicylic acid 1140 35 10 0 2734 2 2 2 1
568 100 0 O 2 2648 2 4 0 2

5.29 6 10 2 2600 4 2 2 2

5.20 2 111 2497 4 4 1 1

: - r— : 5.00 2 111 2488 4 320
Rad.: CuKa1i: 1.5405  Filter: I:I—E,p.Dl=:l‘::3-le—$.114.64_a9 2 410 2 2 458 6 4 1 2
Cutoff: 50.0 Int.: Film Wicor.: 430 20 0 1 2 2398 2 3 2 1
Ref: de Wolff, P., Technisch Physische Dienst, Delft, The 4.23 4 202 2214 2 41 2
Netherlands, ICDD Grant-in-Aid 4.13 1 211 2298 = 41 4
- 393 35 2 1 1 2226 4 3 2 2

3.83 8 20 2 2157 6 Q0 3 1

Sys.: Monoclinic 5.G. P24/c (14) 3.79 2 300 2145 4 1 2 1
. . . . _ 3.56 4 212 2427 2 1 3 1
a:11.43 b: 6.592 e 11.41 A 17339 C:1.7300 335 20 30 3 e 21321
o p: 95.65 T Z: 4 mip: 3.29 25 31 0 2078 2 511
- 3.23 4 311 2049 2 0 3 2
Ret: Ibid. 317 2 120 2030 2 3231
3.08 2 0113 1965 2 4 2 2

. . e 3.02 2 302 1948 2 31 5
Dx: 1.399 Dm: SSIFOM: F3p=37(0120, 88 ) S02 2 3072 loe 2 212
2848 6 0 2 2 1869 4 12 5

. N . _ 2820 2 10 4 1837 <1 10 6
CAS #  50-T8-2. Also called: aspirin.PSC: mP84. Mwt: 2744 8 31 2 1738 <1 315

180.16. Volume[CD]: 855.53.

Figure 7.1 1ICDD Data Card of ASA

Detail(11-0218) %]

£ ¥ Cloze
Card Mo 11-0218 Quality | Mo | 2Theta | d-Value | Int hkl =«
Formuda Tizo e I} |
2 344978 25630 G0 100
Mame  Titanium Oxide 3 3r0e7 | 24220 B0 Qo2
4 39762 22680 100 101
£l T O 5 51875 1.7610 a0 102
Emerts B 56971  1EI1S0 20 003
System s 29893 29533 ¢ 48454 7OB2723  1.4800 a1 110
Hexragonal Alpha 90.000  Beta 390000  Gamma 120000 2 EB3.E48 | 1.3BEO B0 103
9 73924  1.2810 200 200
Target Lamba [ Z0°0 | 10 75089 12640 60 112 ~
Relative intensity
1E“:| L T T T T T ]
4I:I ] ‘ ‘ ‘ ‘ ‘ |
I:I_ 1 L1 1 1 1 | 1 L | | 1 | ]
20,000 40,000 60,000 20.000
2Theta

Figure 7.2 ICDD Data Card of Ti,O

36



Detail(65-0139) x|

£ > Cloze
Card Mo, E5-0139 Qualty C Mo.| 2Theta | dtalue | Ink bkl -
Forrta TPORHO [l 1 |
2 29991 | 29763 1 110
Wame 3 354901 | 24932 100 111
439132 | 23000 0 100 ooz
£l i Ti H 542928 | 21050 0 100 200
Emens | B 44867 2084 1 102
Spstern s 42100 F 4.2100 o 4.6000 74T ART | 19141 1 201
Tetragonal Alpha 50000  Beta 90000 Gamma 90000 a8 BoOvd 182 1 112
9 H2463 | 1.7425 1 121
Target Lambda [ =150 ] 10 53475 15528 100 202 v

Relative intensity

1nnF T T T ]
b . ‘
D_ L 1 L 1 | | | | I ] |. | 1 i
50.000 100000 150000
2Theta
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Figure 7.4 1CDD Data Card of Cr3O
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